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(57) Abstract 



A method and apparatus for representing double stranded nucleic acid fragments which have been separated by a chromatographic 
process as an array of bands which can be accurately quantified, optimized and stored. Using, for example, a Matched Ion Polynucleotide 
Chromatography (MIPC) process, an analog output from a UV detector is digitized and input to a computer. The digitized signal is 
converted to a linear anay of bands which may be displayed on a video display terminal. TTie intensity and/or color of a band may correlate 
to the amount of double stranded nucleic acid in the respective fraction or the respective double stranded nucleic acid fragment above a 
user selected tiireshold level at a corresponding point in the digitized signal. The calculated base pair length, concentration, and retention 
time of each band in the array of bands may be displayed in alphanumeric form. 
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Band Array Display Of Polynucleotide Separations 

This invention relates to a method and system for improved band array 
displays of double stranded nucleic acid separations. More specifically, the 
invention is directed toward producing linear array displays of bands 
5 representing separated double stranded nucleic acid fragments. 

Mixtures of double stranded nucleic acid fragments are separated for 
numerous and diverse reasons ranging from forensic investigations to gene 
mapping. The traditional and most widely used method for separating 
mixtures of DNA and other double stranded nucleic acid fragments is slab gel 
10 electrophoresis (GEP). Separation of double stranded nucleic acid fragment 
mixtures by this classical method produces a linear array of bands, wherein 
each band in the array represents a separated double stranded nucleic acid 
component of that mixture. Since many mixtures are typically separated and 
analyzed simultaneously in separate lanes on the same gel slab, a parallel 
15 series of such linear arrays of bands is produced. In principle, this is a highly 
desirable display fonnat because it permits the observer to readily compare 
many separated mixtures simultaneously. The presence or absence of any 
band in one linear array compared to another is easily discemible if the 
separations are visible on the display. 

20 However, in practice, GEP display methodology suffers from serious 

deficiencies which are inherent in the method. 

Bands are often curved rather than straight, their mobility and shape 
can change across the width of the gel and lanes and bands can mix with 
each other. The sources of such inaccuracies stem from the lack of 
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uniformity and homogeneity of the gel bed, electroendosmosis, thermal 
gradient and diffusion effects, as well as host of other factors. Inaccuracies of 
this sort are well known in the GEP art and can lead to serious distortions and 
inaccuracies in the display of the separation results. In addition, the band 

5 display data obtained from GEP separations is not quantitative or accurate 
because of the uncertainties related to the shape and integrity of the bands. 
True quantitation of linear band array displays produced by GEP separations 
cannot be achieved, even when the linear band arrays are scanned with a 
detector and the resulting data is integrated, because the linear band arrays 

10 are scanned only across the center of the bands. Since the detector only 
sees a small portion of any given band and the bands are not uniform, the 
results produced by the scanning method are not accurate and can even be 
misleading. 

Linear band arrays representing components of double stranded 
15 nucleic acid mixtures which have been separated by GEP have been 
visualized by a variety of methods, including fluorescence, direct visualization 
by use of a chemical stain, by adding a dye to the gel which makes the bands 
visible, or by tagging the DNA with radioactive P-32 before GEP separation, 
followed by autoradiography. These visualization methods produce a display 
20 consisting of parallel linear arrays of bands, which is a direct hard copy 
representation of the gel slab itself. Separation displays produced in this 
manner can be distorted and inaccurate because the margins of bands so 
displayed often are fuzzy and diffuse, rather than being sharply defined. In 
the autoradiography technique, for example, the radiation emitted from the 
25 separated nucleotide components in each band is omnidirectional. This 



wo 98/40395 PCT/US98/04875 

causes the exposure area of the film in contact with the gel slab to be greater 
than that represented by the actual band dimensions, resulting in a 
broadened and fuzzy display. 

Analyzing adjacent bands in such displays can be a serious problem, 
especially when there is a large difference in the relative concentration of 
double stranded nucleic acid present in each band. In such a case the 
stronger band can obscure the weaker band and the latter may not be visible. 
Since the displayed data is fixed, it cannot be enhanced, optimized or 
manipulated, and important information can often go unnoticed. The only way 
to improve a defective or inadequate separation display is to re-run the 
separation using a more dilute sample or weaker stain. This is extremely time 
consuming since gel electrophoresis separations can take up to five hours or 
more. 

A clear need, therefore, exists for an improved and flexible band array 
display format for double stranded nucleic acid separations in general, and 
DNA and RNA separations in particular, which can be electronically 
optimized, quantitated, and stored. 

In a first aspect the invention provides a method of representing double 
stranded nucleic acid fragments which have been separated by Matched Ion 
Polynucleotide Chromatography as an array of bands, the method comprising 
providing a digitized signal corresponding to the double stranded nucleic acid 
fragments in the fractions; and converting the digitized signal into an of array 
of bands. In a second aspect the invention provides an apparatus for 
representing double stranded nucleic acid fragments which have been 
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separated by Matched Ion Polynucleotide Chromatography as an array of 
bands, the apparatus comprising acquisition means for acquiring a digitized 
signal, the digitized signal corresponding to the double stranded nucleic acid 
fragments in the fractions, conversion means, for converting the digitized 
5 signal to an array of bands corresponding to the double stranded nucleic acid 
fragments in the fractions, and display means for displaying the array of 
bands. 

In a preferred embodiment of the invention, an analog signal output 
from the Matched Ion Polynucleotide Chromatography separation process is 
10 analog-to-digital (A/D) converted and the digitized signal is input to a 
computer. In the computer, the digitized signal is converted to a linear array 
of bands which may be displayed on a video display terminal (VDT), printer or 
other output device. 

The bands may be displayed as lines or rectangles of fixed width. The 
15 intensity and/or color of a band may correlate to the amount of double 
stranded nucleic acid in the respective fraction or the respective double 
stranded nucleic acid fragment above a user selected threshold level at a 
corresponding point in the digitized signal. 

Fig. 1 is a schematic representation of an embodiment of a system for 
20 producing band array displays according to the invention. 

FIG. 2 illustrates a sample signal representative of an analog output 
from a detector in an embodiment of a system for producing band array 
displays according to the invention. 



-4- 
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FIG. 3 is an illustration of the conversion of peaks In a sample signal to 
a band representation according to the invention. 

FIG. 4 is an illustration of a gray scale band according to the invention. 

FIG. 5 is a flow chart depicting an embodiment of the conversion of 
peaks in a sample signal to a band representation wherein the bands are 
represented as rectangles. 

FIG. 6 is a flow chart depicting an embodiment of the conversion of 
peaks in a sample signal to a band representation wherein the bands are 
represented as lines. 

FIGs. 7, 8 and 9 are illustrations of sample displays according to the 
invention. 

The invention produces improved linear array displays of bands 
representing separations of double stranded nucleic acid mixtures, wherein 
each band in an array represents a component fragment of the mixture. The 
band array displays are produced from graphical representations of digitized 
data. 

A linear band array is a preferred fomiat for displaying and viewing 
double stranded nucleic acid, and especially DNA, separation results since 
this is the display format of GEP, the most widely used double stranded 
nucleic acid separation process. A linear band array display generated from 
digitized data obtained from chromatographic separations, which can be 
accurately quantified, optimized and stored has not, heretofore been 
disclosed. 
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Recently, mixtures of double stranded nucleic acid fragments have 
been separated on a non polar polymeric stationary phase as described in 
detail in U.S. Patent 5,585,263 to G. Bonn et. al. which is incorporated by 
reference in its entirety herein. A major improvement in the scope and utility 
5 of the foregoing separation methodology, called Matched Ion Polynucleotide 
Chromatography (MIPC) has been disclosed in copending applications 
(Attorney Docket Nos. TRAN1-076 and TRAN1-077) which are incorporated 
by reference in their entirety herein. Separation of mixtures of double 
stranded nucleic acid fragments by MIPC may be further enhanced by 
10 removal of metal and metal ion contaminants as described in copending 
application (Attorney Docket No. Tran 1-031) 

MIPC, as used herein, is defined as a process for separating single 
and double stranded nucleic acids using non-polar beads having a pore size 
which is effective to exclude the smallest double stranded nucleic acid being 

15 separated, wherein the process uses counter ion agents and an organic 
solvent to desorb the double stranded nucleic acids from the beads. MIPC 
separates mixtures of double stranded nucleic acid fragments, double 
stranded DNA and RNA. on the basis of base pair length and not on the basis 
of nucleic acid sequence. MIPC is a size based separation. MIPC can be 

20 automated and computer controlled. Separations of DNA fragments having 
5-1500 base pairs can be effectively achieved in less than 5 minutes. Such 
separations produce sharp and reproducible results. 

MIPC was, therefore, selected as the preferred double stranded 
nucleic acid separation process for use with the present invention because it 
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provides an ideal technology for producing an accurate linear band array 
display format, generated from digitized data, which can be electronically 
optimized and quantified. Other suitable chromatographic processes capable 
of separating double stranded double stranded nucleic acid fragments may 
5 also be used. 

FIG. 1 is a schematic representation of an embodiment of a system 2 
for producing band array displays according to a first aspect of the invention. 
The system includes a separation column 4 coupled to a detector 6. The 
detector has an analog output which is coupled to an A/D converter 8. The 

10 A/D converter output is coupled to a CPU 10. e.g. a personal computer (PC). 
The CPU includes software (not illustrated in FIG. 1) for converting digitized 
data representing separated double stranded nucleic acid fragments and 
outputting a graphical representation of a linear array of bands wherein each 
band corresponds to a separated fragment of the original mixture. It is 

15 understood that close-running fragments may not be completely separated in 
some separations. 

The CPU 10 is coupled to a storage device (e.g. hard disk, floppy disk, 
etc.) 16 for storing data. The CPU 10 may be coupled to a video display 
terminal (VDT) 18, a printer 20, or other output device (not illustrated) for 
20 displaying or othenvise outputting a graphical representation of separated 
nucleotide fragments. The CPU 10 is also coupled to a keyboard 12 and a 
pointing device 14, e.g. mouse, trackball, touch pad, etc. 

The preferred separation column 4 is packed with beads suitable for 
MIPC as described in U.S. patent applications (Attorney Docket No. TRAN1- 
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076) and (Attorney Docket No. IRAN 1-077), The prefen-ed detector 6 is an 
ultra-violet (UV) detector operating at 260 nm, the absorbance maximum of 
DNA. If the fragments to be detected are tagged with fluorescent or 
radioactive markers, a fluorescence detector or a radioactivity detector, 
5 respectively, may be used. Any detector which is capable of detecting the 
fragments being separated may be used in the system 2. 

The system 2 produces bands having a desired shape which provide 
both qualitative and quantitative infonnation about the separated components 
of the double stranded nucleic acid mixture. For example, the preferred 

10 shape is a band in the form of a line or elongated rectangle of fixed width. 
The length, and optionally intensity, of a band, whether a line or a rectangle, 
is proportional to the absorbance of mixture component represented by the 
band. The band length, and optionally intensity, is a true and accurate 
quantitation of a component's relative and absolute concentration since the 

15 entire sample represented by a band is seen by the detector. This is in 
contrast to scanning a gel slab, wherein the detector commonly only sees the 
center of a band. Since the bands produced by GEP separations are not 
generally uniform, the data so obtained is neither quantitative nor accurate 

The operation of the system 2 to produce an array of bands 
20 representing the double stranded nucleic acid separation results is as follows. 
A solution of a mixture of double stranded nucleic acid fragments is separated 
into its component fragments in the separation column 4 as described in U.S. 
patent applications (Attpmey Docket Nos. TRAN1-076 and TRAN1-077), 
wherein double stranded nucleic acid fragments are separated on the basis of 
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size, i.e. number of base pairs. The double stranded nucleic acid mixture 
may be tagged with fluorescent or radioactive markers to enhance the 
sensitivity of detection without altering the nature of the separation. 

A mobile phase solvent capable for separating the double stranded 
5 nucleic acid mixture is flowed through the column 4. Although the exact 
composition of the mobile phase varies with the nature and molecular weight 
range of the double stranded nucleic acid mixture being separated, the most 
effective mobile phases contain water, an organic solvent which is completely 
miscible with water and a counter ion agent. Preferred organic solvents 
10 include acetonitrile, tetrahydrofuran and C-1 to C-3 alkanols. Examples of 
specific mobile phases which have been used to effect double stranded 
nucleic acid separations, including double stranded DNA separations, are 
described in U.S. patent applications (Attorney Docket Nos. TRAN1-076 and 
TRAN1-077). 

15 The column effluent is directed to flow past the detector 6 which is 

coupled to the column. The detector must be capable of detecting double 
stranded nucleic acids or tagged analogs thereof. A preferred detector 
operates using a UV source and UV sensor, and detects the presence of 
double stranded nucleic acid fragments by measuring the change in UV 

20 absorption of the effluent as the effluent flows past the detector. If the double 
stranded nucleic acid fragments in the mixture to be separated have been 
tagged with fluorescent or radioactive markers prior to separation, then a 
fluorescence or radioactivity detector, respectively, can be used. 
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As the mobile phase flows through the column, It carries the separated 
double stranded nucleic acid fragments, which elute in order of lower to 
higher number of base pairs, through the column and past the detector. 
Under normal circumstances, all of the sample entering the column exits the 

5 column and travels through the detector cell. The presence of the double 
stranded nucleic acids fragments is detected as they flow past the detector, 
which responds by generating typically an analog output signal, typically an 
analog varying voltage. The magnitude of the output signal is a function of 
the quantity and absorbance of the double stranded nucleic acid present in 

10 the mobile phase passing the detector at any given time. 

The analog output signal of the detector 6 is input to the A/D converter 
8 where the signal is digitized, and the digitized signal is input to the CPU 10. 
The rate at which the A/D converter 8 samples and digitizes the analog output 
of the detector 6 depends on the flow rate of the mixture through the column 

15 4 and the detector 6, and may optionally be varied. In a prefen^ed 
embodiment, the A/D converter 8 has a variable sampling rate which can be 
adjusted to optimize data collection. A generally effective sampling rate is 
100 millisecond intervals. If the sampling rate is varied, this is taken into 
account when the digitized signal is reconstructed in the computer for 

20 processing and conversion to a band representation. The digitized signal is 
received by the CPU 10, and may be stored in the storage device 16 for 
subsequent processing. The digitized data may be displayed and/or 
converted and displayed in a band form in real-time and/or off line (i.e. at a 
later time). 



-10- 
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All of the data from the detector are used to display the bands, even if 
data are manipulated so that a function Is used to display some distinct 
property. For example, the bands may only be shown if a predetennined 
signal threshold is reached. However, all of the data above this threshold is 
5 used to display the band. Absolute concentrations of the separated 
fragments can be detemiined by comparing the signal corresponding to a 
fragment with that of an appropriate standard. For example, standards of 
known base pair length and concentration may be used to normalize the 
detector's response to the separated fragments. Optionally, if the double 
10 stranded nucleic acid fragment mixture is tagged with a fluorescent or 
radioactive marker, fluorescent or radioactive standards, respectively, may be 
used. 

FIG. 2 illustrates a sample signal 100 representative of an analog 
output from the detector 6. The sample signal 100 includes three peaks 102, 
104, 106 which represent the output of the detector 6 in response to a mixture 
containing double stranded nucleic acid fragments of three different base pair 
lengths. The height of the sample signal 100 represents the instantaneous 
amount of double stranded nucleic acid fragments flowing past the detector 6 
as a function of time. The three peaks 102, 104, 106 represent the amount of 
double stranded nucleic acid fragments of each of the three respective 
different base pair lengths detected in the mixture, and the total area under 
each of the curves of the peaks 102, 104, 106 represents the total amount of 
double stranded nucleic acid fragments of the three respective different base 
pair lengths detected in the mixture. The signal 100 illustrated in FIG. 2 and 



15 



20 
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subsequent FIGs. is by way of illustration only, and does not necessarily 
represent an actual signal output from a detector 6. 

FIG. 3 illustrates the conversion of the peaks 102, 104, 106 in the 
sample signal 100 to a band representation. A reconstructed signal 100' in 

5 FIG, 3 represents a signal reconstructed from the digitized values of the 
original sample signal 100 (FIG. 2). For discussion and display purposes 
only, the reconstructed signal 100' is shown rotated 90 degrees from how the 
sample signal 100 is illustrated in FIG. 2. In FIG. 3, time, and hence base 
pair length, increases from top to bottom, and the amplitude of the 

10 reconstructed signal 100' increases to the right. 

The graphical, e.g. band, representation of the double stranded nucleic 
acid fragments may take several forms. For example, in a first array 110, 
each of the reconstructed peaks 102', 104', 106' is represented by a band in 
the form of a corresponding line 112, 114, 116, with the vertical position of the 

15 lines 112, 114, 116 corresponding to the maximum value of the respective 
reconstructed peaks 102', 104', 106'. In a second array 120, each of the 
reconstructed peaks 102', 104', 106' is represented by a band in the form of 
a rectangle 122. 124. 126. with the vertical position and length (vertical height 
on the paper) of the respective rectangles 122, 124, 126 corresponding to a 

20 first user-selected threshold Ti. In a third array 130, each of the 
reconstructed peaks 102', 104', 106' is represented by a band in the form of 
a rectangle 132, 134, 136, with the vertical position and length of the 
respective rectangles 132, 134, 136 corresponding to a second user-selected 
threshold T2. Since Ti is set at a higher amplitude than T2 on the 

- 12- 
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reconstructed signal 100', each of the bands 122, 124, 126 in the second 
band array 120 corresponding to Ti has a shorter length than the 
corresponding bands 132, 134, 136 in the third band array 130 corresponding 
to T2. The system of the invention provides the user with the ability to select 
the desired fomri of band display, e.g. line or rectangle, and also permits the 
user to vary the threshold to filter out noise or other components In the 
reconstructed signal 100'. 

In addition, if the line or rectangular band representation is chosen, the 
user may select to display a gray scale, color, or other form of display, where, 
for example, the intensity of the gray scale, or the color, corresponds to the 
amplitude of the reconstructed signal. A representative gray scale band 108 
is illustrated in FIG. 4. 

As also illustrated in FIG. 4, depending on the number of quantization 
levels available, a gray scale band display may tend to appear as a series of 
discrete horizontal sub-bands. In a preferred embodiment of the invention, a 
"blended" gray scale band display (representing an analog variation across 
the band) is fomned by turning individual pixels "on" or "off". In each line of 
pixels forming the band, the decision to turn each pixel "on" or "off is derived 
by multiplying the corresponding amplitude of the reconstructed signal 100' 
times a random number. If the resulting product is greater than a certain 
threshold, then a pixel is turned on, i.e. displayed as a black (or color) point. 
OthenAfise, the pixel is not so displayed. Thus, as the amplitude of the 
reconstructed signal 100' increases, more pixels will be displayed along 
corresponding lines of the respective band. 
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FIG. 5 is a flow chart depicting an embodiment of the conversion of 
peaks in a sample signal to a band representation wherein the bands are 
represented as rectangles. FIG. 6 is a flow chart depicting an embodiment of 
the conversion of peaks in a sample signal to a band representation wherein 
the bands are represented as lines. Both flow charts will be described as 
though the bands are being formed from data which has been previously 
collected and stored. However, those skilled in the art will readily see that the 
basic procedures can be used to convert sample signal data to a band 
representation in real time. Those skilled in the art will also recognize that the 
flow charts can be drawn in a number of different fonns without departing 
from the scope of the invention. 

Prior to entering either flow chart, a user will typically select a rectangle 
or line representation from a menu selection. Referring first to FIG. 5, the 
flow begins with an INITIALIZE process block 201 in which counters, desired 
signal threshold, and other variables are initialized. A sample counter is then 
incremented by 1 in an INCREMENT COUNTER process block 202. The 
current sample indicated by the sample counter is compared to the signal 
threshold in a SAMPLE .GE. THRESHOLD decision block 203. If the current 
sample is above the threshold, then if the sample is established as the start of 
a new band, as detemnined by a NEW BAND decision block 204, a new band 
is started in a START BAND process block 205. In the START BAND 205 
process block, the graphic display output for the band is started and variables 
are initialized for calculating sample concentration and other relevant 
quantities. The flow then passes through a LAST SAMPLE decision block 
209. Since the amount of eluting solvent used is sufficient to cause all the 

.14- 
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nucleic acid mixture to pass through the column 4 and detector 6 (FIG. 1), the 
LAST SAMPLE decision block 209 will always flow through its NO exit if the 
sample signal is above the threshold (representing fragments then being 
detected by the detector). 

5 The flow then passes back up to the INCREMENT COUNTER process 

block 202. Once a band has been started, i.e. the sample signal reaches or 
exceeds a user specified threshold, and the sample signal remains at or 
above the threshold, the flow from the NEW BAND 204 decision block flows 
through its NO exit to an EXTEND BAND process block 206, in which the 

10 graphic display output for the band continues and the concentration and other 
quantities are accumulated. The process continues until the sample signal 
falls below the threshold which will cause the SAMPLE .GE. THRESHOLD 
decision block 203 to flow through its NO exit to the IN BAND decision block 
207. When the first below threshold sample is encountered after a band has 

15 been started, the IN BAND decision block 207 will flow through its YES path 
to an END BAND 208 process block. In the END BAND process block 208, 
the graphic display output for the band is terminated at the previous sample 
(which was at or above the threshold), and the concentration and other 
relevant quantities are saved for display or other use as selected by the user. 

20 The process continues until the SAMPLE .GE. THRESHOLD decision 

block 203 flows through its NO exit, the IN BAND decision block 207 flows 
through its NO exit, and the LAST SAMPLE decision block 209 flows through 
its YES exit, indicating the last sample of the run. 
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In the CLOSE process block 210, data summarizing tlie total 
concentration and other relevant quantities are calculated, stored, and may 
be displayed. 

As illustrated in FIG. 4 and described above, the bands may be 
displayed using color, intensity, a blended gray scale using random pixels, 
and the like to represent the value of the digitized detector signal. This may 
be implemented, for example, in each of the START BAND 205, EXTEND 
BAND 206 and END BAND 208 process blocks. 

Referring to FIG. 6, the flow begins with an INITIALIZE process block 
301 in which variables, counters, desired signal threshold, etc. are initialized. 
A maximum value Is set equal to the selected threshold. A sample counter is 
then incremented by 1 in an INCREMENT COUNTER process block 302. 
The current sample is compared to the signal threshold in a SAMPLE .GE. 
THRESHOLD decision block 303. If the current sample is greater than or 
equal to the threshold, the current sample is then compared to the maximum 
value in a SAMPLE .GT. MAX decision block 304. If the current sample is 
greater than the maximum value, the maximum value is then set to the value 
of the current sample in a MAX = SAMPLE process block 305. The flow from 
the MAX = SAMPLE 305 process block proceeds to a LAST SAMPLE 308 
decision block. Similar to the an-angement of FIG. 5, the YES exit to the 
LAST SAMPLE 308 decision block will only be taken after all the nucleic acid 
mixture passes through the column 4 and detector 6. The flow then passes 
back up to the INCREMENT process block 302 and continues until the 
current sample is less than the maximum value, indicating that the signal has 
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reached a peak and is beginning to decline. When this occurs, the process 
flow out the NO exit to the SAMPLE .GE. MAX decision block 304. 

In a DRAW BAND LINE process block 306, a band line is displayed in 
a position corresponding to the peak signal value. The flow passes to a MAX 
= THRESHOLD process block 307 in which the maximum value is reset to the 
user selected threshold value. 

The process continues until the last sample is reached and the LAST 
SAMPLE decision block 308 flows through its YES exit. 

In the CLOSE process block 309, data summarizing the total 
concentration and other relevant quantities are calculated, stored, and may 
be displayed. 

In a manner similar to the display of bands as rectangles, the lines may 
be displayed using color, intensity, a blended gray scale using random pixels, 
and the like to represent the peak value of the digitized detector signal. This 
may be implemented in the DRAW BAND LINE process block 306. 

In the above description, the band may be displayed as a line 
positioned according to the peak value of the signal. In instances in which the 
signal is at a peak value for more than one sample, the line may be drawn in 
a position corresponding to the initial sample, the last sample, or at a 
predetermined or user selected position between the first and last samples at 
the peak value. 
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FIGs. 7, 8 and 9 illustrate sample displays that may be output on the 
VDT 18, printer 20 or other device. The sample displays in FIGs. 7, 8 and 9 
are illustrated by way of example only, and do not limit the display format or 
content provided by the invention. Referring to FIG. 7, in a first sample 

5 display window 30 are a series of controls including, e.g., Peak format 
selection 31, Gel fonmat selection 32, and an OK (or execute) 33 button. 
Other controls which may be included may include graphics display functions 
well know to those skilled in the art, e.g. zoom, pan, move (horizontal and/or 
vertical), rotate, copy, cut, paste, etc. Controls and/or selections may also be 

10 enabled using menu driven commands, as is also well known to those skilled 
in the art. Also illustrated in FIG. 7 are a series of sample band displays 
corresponding to the Gel format selection 32 control being selected. 

The CPU 10 can store data from numerous separations. As illustrated 
in FIG. 7, multiple stored separations can be displayed simultaneously for 

15 comparison of component fragments of one sample to those of another 
sample. When many separations are displayed simultaneously, the arrays of 
bands are parallel to each other as shown in Fig. 7. If more separated 
samples need to be compared than can fit, e.g. on the VDT 18, additional 
separations can be made to appear by scrolling using conventional 

20 techniques, e.g. the pointing device 14 or arrow or page up/page down 

command keys on the keyboard 12. Refen^ing to FIGs. 3, 4 and 7, bands 

may be represented as lines or rectangles, and may include color and/or a 

gray scale. In bands displayed with color and/or gray scale, the color and/or 

intensity of each band, may be proportional to the concentration of double 

25 stranded nucleic acid in the fraction the band represents. Any and all 
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separations may be displayed on the VDT 18 and/or printed by tlie printer 20 
or other output device in any chosen display format. 

Referring to FIG. 8, in a second sample display window 30' the Peak 
format selection 31 control is shown selected and the sampled signals are 
displayed in band format. In FIG. 9, in a third sample display window 30" 
both the Peak format selection 31 and Band format selection 32 controls are 
selected, and the sampled signals are displayed in both peak and band 
fomiats. 

Using the zoom feature mentioned above, a particular array of bands 
or a segment thereof can be electronically expanded, to improve the visible 
resolution between adjacent bands. This feature is particularly important 
when one band is present in greater concentration than an adjacent band and 
the more concentrated band obscures the less concentrated band. In gel 
electrophoresis separations, a close running less concentrated band may go 
completely unnoticed. When multiple separations are viewed simultaneously, 
the lane zoom feature can be applied to all the band arrays. A similar 
manipulation and display may be perfomied in the peak format if it is chosen 
for display. 

When a separation column is calibrated with a double stranded nucleic 
acid standard of known base pair length and concentration, the base pair 
length of the separated fragments of the mixture and their absolute 
concentrations can be calculated by the software. Because the separation 
and display methodology is reproducible, accurate base pair lengths of the 
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components of many mixtures can be calculated without the need to 
recalibrate the system for each separation. 

Menu driven commands may be used to generate a variety of 
qualitative and quantitative information in alphanumeric form, including, but 

5 not limited to, integration of separated bands, display of base pair length, 
absolute concentration and relative percentage of each component fraction in 
a separated mixture. Bands separated from one sample may also be 
electronically subtracted from those of another sample to simplify visual 
detemiination of the presence or absence of a particular DNA fragment(s) in 

10 any separated DNA mixture. Similar operations may be performed if the peak 
shape is chosen for display. 

While various embodiments and features of the invention have been 
described, those skilled in the art will recognize that variations and additions 
to those features and functions can be made within the scope of the 
15 invention. The invention is therefore intended to be limited only by the scope 
of the appended claims. 
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CLAIMS 

1. A method of representing double stranded nucleic acid 
fragments which have been separated by Matched Ion Polynucleotide 
Chromatography (MIPC) as an array of bands, the method comprising 

a) providing a digitized signal corresponding to the double 
stranded nucleic acid fragments; and 

b) converting the digitized signal into an of array of bands. 

2. A method of Claim 1 , wherein the step of providing a digitized 
signal comprises 

i) separating the double stranded nucleic acid fragments by 
MIPC; 

ii) detecting the separated double stranded nucleic acid 
fragments; and 

iii) providing a digitized signal corresponding to the detected 
double stranded nucleic acid fragments. 

3. A method of Claim 2, wherein the substep of providing a 
digitized signal comprises providing an analog signal corresponding to the 
detected double stranded nucleic acid fragments and digitizing the analog 
signal. 

4. A method of Claim 2 wherein the chromatographic process 
comprises a separation based on the number of base pairs of the double 
stranded nucleic acid fragments. 
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5. A method of Claim 2, wherein the substep of detecting the 
separated double stranded nucleic acid fragments comprises using an ultra 
violet (UV) detector. 

6. A method of Claim 2, wherein the substep of detecting the 
5 separated double stranded nucleic acid fragments comprises using a 

fluorescence detector. 

7. A method of Claim 2, wherein the substep of detecting the 
separated double stranded nucleic acid fragments comprises using a 
radioactivity detector. 

0 8. A method of Claim 1 wherein the position of a band in the array 

of bands conrelates to the number of base pairs of double stranded nucleic 
acid in a respective fragment. 

9. A method of Claim 1, wherein the array of bands may be 
displayed as an array of lines, 

5 10. A method of Claim 1. wherein the array of bands may be 

displayed as an array of rectangles. 

11. A method of Claim 9, wherein a band is displayed in color, and 
wherein the color of the band correlates to the amount of double stranded 
nucleic acid fragment represented by that band. 

0 12. A method of Claim 9, wherein a band is displayed in a gray 

scale, and wherein the level of the gray scale at a point along the length of 
the band conrelates to the amount of the respective double stranded nucleic 
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acid fragment above a threshold level at a corresponding point in the digitized 
signal. 

13. A method of Claim 9, wherein the length of a rectangular band 
correlates to the presence of a level of the respective double stranded nucleic 

5 acid fragment above a user selectable threshold level. 

14. A method of Claim 1, wherein the array of bands may be 
displayed simultaneously with its corresponding digitized signal. 

15. An apparatus for representing double stranded nucleic acid 
fragments which have been separated by MIPC as an array of bands, the 

10 apparatus cpmprising 

a) acquisition means for acquiring a digitized signal, the 
digitized signal corresponding to the double stranded 
nucleic acid fragments, 

b) conversion means, for converting the digitized signal to 
15 an array of bands corresponding to the double stranded 

nucleic acid fragments, and 

c) display means for displaying the array of bands. 

16. An apparatus of Claim 15, wherein the acquisition means 
comprises an A/D converter. 

20 17. An apparatus of Claim 16, wherein the acquisition means 

comprises a MIPC separation column having a double stranded nucleic acid 
detector in communication therewith, the double stranded nucleic acid 
detector having an analog output coupled to the A/D converter. 
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18. An apparatus of Claim 17, wherein the double stranded nucleic 
acid detector comprises a UV detector. 

19. An apparatus of Claim 17, wherein the double stranded nucleic 
acid detector comprises a fluorescence detector. 

5 20, An apparatus of Claim 17, wherein the double stranded nucleic 

acid detector comprises a radioactivity detector. 

21. An apparatus of Claim 15, wherein the conversion means 
comprises a CPU for converting the digitized signal into a linear array of 
bands. 

10 22. An apparatus of Claim 15, wherein the display means 

comprises means for the display of multiple linear arrays of bands. 

23. An apparatus of Claim 15 comprising calculating means for 
calculating the number of base pairs, concentration and retention time of 
each double stranded nucleic acid fragment represented by each 

15 corresponding band the array of bands. 

24. An apparatus of Claim 15 comprising alphanumeric display 
means for the alphanumeric display of the calculated base pair length, 
concentration, and retention time of each band in the array of bands. 
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